The ultrasonic velocity, density and viscosity measurements carried out for the binary mixtures of toluene, m-xylene with some butanols at 303 K. Various theoretical models have been applied to these binary systems; evaluate the sound velocity values and compared with the experimental values. The validity of Nomoto theory (NT), Van Deal-Vangeal (IMR) and Free length theory (FLT) is checked and a comparative study of the above models is made. The non-ideal behavior of the system is explained in terms of molecular interactions of the constituents of the mixture. The interactions further, evident with percentage deviation, molecular interaction parameter and goodness fit test.
Introduction
The assessment of the nature of molecular interaction present in liquid mixtures can also be done by sound velocity predictions. The departure from linearity in the values of ultrasound velocity when studied as a function of concentration is found to exhibit interesting variations in the case of liquid mixtures [1] . The acoustical and thermo dynamical properties evaluated in the binary and ternary liquid mixtures in the previous chapters signify the physico-chemical and molecular interactions that exist between the components of system.
As an additional confirmation for the presence of specific interaction, an attempt has been made in this present work to correlate the experimental findings of sound velocity with those predicated theoretically on the basis of molecular models. Such comparisons are found to be useful in knowing the thermodynamics of the mixtures and provide a better means to test the validity of the various empirical and semi empirical theories [2] [3] [4] .
In recent years, various theories [5, 6] have been in use for computing ultrasonic velocity in liquid mixtures and the deviation in theoretical sound velocity has been attributed mainly to the molecular interactions in the mixtures. In this chapter, the theoretical evaluation of ultrasonic velocity in the binary liquid mixtures have been done using Nomoto's relation [7] , Van Deal Vangeal's ideal mixture relation [8] and Free length theory [9] . Also, percentage deviation, molecular interaction parameter and Chi square test values are calculated. These statistical parameters support the predictions made in the previous chapters and to check the validity of the theory to the experimental systems.
Experimental Techniques
The mixtures of various concentrations in mole fraction were prepared by taking purified AR grade samples at 303 K. In all the mixtures, the mole fraction of the second component, toluene (x 2 = 0.3), was kept fixed, while the mole fraction of the remaining two were varied from 0.0 to 0.7 so as to have the mixtures of different composition. Further this fixed 0.3 mol fraction of toluene is to discuss critically the system efficiency in absorption of toluene. The ultrasonic velocity in liquid mixtures have been measured using an ultrasonic interferometer (Mittal type) working at 2 MHz frequency with an accuracy of ± 0.1 ms −1 . The density and viscosity are measured using a 5 ml specific gravity bottle and an Ostwald's viscometer of accuracy of ± 0.1 kg m −3 and ± 0.001 mNsm −2 , respectively. All the precautions to minimize the possible experimental error, as explained in our earlier work are perfectly made. The set-up is checked for some standard liquids. The values obtained are compared with literature and found that they match very well with each other. Nomoto [7] established an empirical formula for ultrasonic velocity in binary liquid mixtures on the assumption of linear dependence of the molar sound velocity on concentration in mole fraction and the additive for molar volume as,
Theory and Calculations

Nomoto's Relation [NR]
where, x 1 , x 2 are the mole fraction of the components. R 1 , R 2 the respective molar sound velocities and V 1 , V 2 the molar volumes, respectively.
Molar sound velocity is related to molecular weight [m] and density [ρ] as, where, the molar volume obeys the additive property
Ideal Mixture Relation [IMR]
Van deal and Vangeal [8] assumed the adiabatic compressibility [β] of the mixture as, where, ϕ refers to volume fraction. Using the ratio of specific heats,γ, Van Deal suggested the following relation for ultrasonic velocity in homogeneous liquid mixtures This equation is true if the mixture is an ideal one and also, Equation (6) reveals that the volume fractions in Eq. (5) can be transformed into a linear combination of the mole fraction and hence we have,
On the basis of this equation, the sound velocity is given as, The degree of molecular interaction α is given as,
Free Length Theory [FLT]
Jacobson [9, 10] introduced the concept of intermolecular free length to determine the ultrasonic velocity in pure liquids and liquid mixtures. Further, he related the velocity of the pure liquids to the free length L f by the equation, where, K T is the temperature dependent Jacobson's constant which takes a value of 199.976 × 10 −8 in M.K.S. units at 303 K. For liquid mixtures, the above equation can be written as,
where, L f mix and ρ represents the free length and density of the mixture.
The free length L f mix of the liquid mixtures is given by, 
Percentage Deviation
The percentage deviation in sound velocity between the experimental and computed values are calculated as [11] ,
Chi Square Test for Goodness of Fit
The Karl Pearson [12] test of goodness fit is a very powerful tool to determine the deviations of the theoretical values from the experimental ones. If O i [i = 1,2,3…n] is a set of observed values and Ei [i = 1,2,3…n] is the corresponding set of theoretical values, then the Chi square is given by, Chi Square follows Chi Square distribution with (n-1) degrees of freedom. It is calculated through Eq. (15) is less than the tabulated value for the same degree 2.167 then there is a good correlation between the theory and the experiment as the calculated values are acceptable as having only 5% error. For the best correlation, the calculated 2 should be less than 1.239 for 1% error.
Results and Discussions
Results
The experimentally measured ultrasonic velocity values and the estimated ultrasonic velocity obtained from the various theoretical models for the binary systems taken up in this study are given in Tables 1, 2 and 3, respectively. The percentage deviation of ultrasonic velocity, the molecular interaction parameter (α) and the Chi square deviation ( 2 ) of the theoretical velocities from the experimental values for the respective systems are also presented in the same Tables. Figure 1a shows the trend of (α) for all the four binary systems of toluene. In the same way Fig. 1b , c are pertaining to m-xylene binaries and aniline binaries, respectively.
The perusal of the Tables 1, 2 and 3 reveals good and worst agreement between the experimental and calculated sound velocities, owing to the several assumptions and approximations made in the respective theories. In NR, it is supposed that the volume does not change on mixing. The agreement between experimental and theoretical velocities of Nomoto relation in all the binary systems, suggests that R is additive property in all the systems. It can be noticed that in all the binary systems predictions by NR gives excellent closeness with the experimental values and the FLT predictions are fully unacceptable. FLT prediction is found to fail even for pure liquids.
IMR predictions are highly acceptable than NR, only for aniline + m-xylene binary and in all other systems NR seems to be the best one. In binaries, the values predicted by IMR are always lesser than the experimental values but NR predictions, in most cases, are higher than experimental values among the various theories taken into consideration, NR is found to give an excellent prediction of sound velocity.
The order of merit for the prediction of sound velocity goes down as NR and IMR and FLT is totally invalid for all the systems considered.
Discussions on Percentage Deviations
The average percentage deviations between the observed and calculated sound velocities may be attributed to the molecular interactions [11, [13] [14] [15] between the components of the liquid mixture. Such type of interactions has not been taken into account in the formalism of the respective theories. Further, they are inadequate to account comprehensively for the experimental manifestation of molecular interaction in various ultrasonic processes. The extent of deviation in velocities may be attributed to the presumption made in the theories for the polar-polar and polar-weak polar interaction between the molecules [16].
Discussions on Molecular Interaction Parameter
Molecular interaction parameter (α) which is given as the deviation in the value of U 2 exp ∕U 2 IMR from unity, is a useful validation parameter that will ensure the extent of interactions between the components of the mixture and it also concludes whether the chosen mixture is ideal or not (Tables 1, 2 and 3) . These values are also presented in the same Tables. This is efficient to state the extent of molecular interaction in the liquid mixtures, especially in those cases where the properties other then the sound velocity are not known.
Another validation arises from the Chi square deviations. It is observed that the predictions based on percentage deviation and 2 tests are similar, however those of Chi square test are evident. Chi square test of goodness of fit enable to find whether the deviation of the theoretical values from the experimental ones are due to chance or really due to the inadequacy of the theory to fit in the data [17] .
Discussions on Chi Square Deviations
It follows Chi square distribution with (n-1) degrees of freedom. For a set of eleven readings of the present investigations for binary mixtures, it is noted that if the 2 value is less than 2.558, the theoretical values are acceptable as having only 1% error. To accept 5% error, 2 values may go up to 3.940. Further, if the range of acceptance goes up to 5% then, the values may go up to 2.167 (Tables 1, 2 and 3). component is weak polar in first two systems, (viz. toluene and m-xylene) and strong polar (aniline) in second system. A perusal of these Tables reveals that the percentage deviation for NR is comparatively lower than that for IMR whereas they are totally invalid for FLT [18] .
Validations of others
FLT method is based on the assumption that the molecules are behaving as rigid spheres [9] . Thus the rigidness of components cannot be accounted due to the failure of FLT and the component seems to be more elastic and flexible. This elasticity is expected to make the system to be more and more ideal.
For an ideal mixture, IMR predictions should match with experimental values. This also goes bad in the present systems as IMR predictions have only second merit and hence the systems are non-ideal. This loss in elasticity may be attributed to the fact that the components are involving in azeotropic/complex formation.
It can be seen from these Tables 1, 2 and 3, that NR is unanimously fit well for all these systems whereas FLT is not fit for polar-polar type (aniline + alcohol systems) and for near ideal mixtures. As Nomoto's method basically depends on the linear dependence of sound velocity on mole fraction, the increasing mole fraction increases the structure existing in the system and thus, the increase of first component supports for the regular structure-formation as concluded in the respective binary systems [19] .
Further, for NR predictions, % deviations are mostly negative and low for all the toluene and m-xylene binaries. However for few aniline binaries they are positive and still higher than IMR predictions. NR method demands the dependence of molar sound velocity and hence this may be obviously true for the chosen binaries. The very small magnitudes of % deviation reveal closeness to experimental values and hence it is evident that molar sound velocity plays the key role in deciding the molecular interactions [20] .
The molecular interaction parameter α is small but positive in all the mixtures. This observed α values clearly indicate the existence of strong interactions existing between the polar-polar and polar-weak-polar molecules. The percentage deviation and Chi square values obtained for IMR is very high, whereas for FLT it is totally obscured which indicates that these theories are invalid for the system considered. This is also reflected in the large percentage deviation of sound velocity.
Since similar interpretations have been made for the present system in theoretical study further confirm the existence of strong interactions between the component molecules in the mixtures that arises due to the disturbance in the molecular symmetry of the polar molecules.
It is unanimously found that FLT method is applicable for the binary systems also. It reveals that the molecules are not rigid spheres, but more elastic. This elastic nature of molecules is found to be suppressed in the systems as IMR predictions deviates largely. Thus the better agreement of NR is an indication that the molecules in the mixtures are behaving much more complex than in pure state. This complexation nature of molecules can lend a good support for tight packing of molecules and at the same time with desired extent of interaction [21] .
As the IMR method totally fails, the suggestions of using IMR are not treated as final. They have to be further refined. This can be done by the obtained 2 values. As stated earlier, a 2 equal to or less than 2.558 for binaries indicates an error of 1% in predictions where as for 5% error it may be up to 3.940. Hence all the binary systems, except aniline + m-xylene, fully satisfy NR assumptions. Thus, the dependence of sound velocity on mole fraction is ascertained. The system aniline + m-xylene seem to be more ideal [22] .
The intermolecular interaction attraction terms appear to exhibit certain deviations from ideality [23] . The perusal of Fig. 1a-b indicates that the magnitude of interaction increases with chain structure deformations, i.e., maximum interaction is existing for iso-ol and minimum for 1-ol. Thus, the chances for azeotropic/complex destruction of binary complexes by aniline are quite high in toluene system than in m-xylene systems. Further, these variations confirm the dependence of chain length on molecular interaction as discussed above.
Conclusions
Among the three theories taken up for the prediction of sound velocity, Namoto Relation is found to yield excellent comparison with the experimental value for the systems investigated. The existences of strong molecular interactions between polar-polar and polar-weak polar molecules are evident. All the binary systems found to be not rigid, non-ideal and depend on molar sound velocity. The structure formation with concentrations is confirming the azeotropic destruction is quite ascertained in the considered mixtures. 
